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(57) ABSTRACT 

This disclosure provides systems, methods, and apparatus for 
the limiting of Voltage in wireless power receivers. In one 
aspect, an apparatus includes a power transfer component 
configured to receive power wirelessly from a transmitter. 
The apparatus further includes a circuit coupled to the power 
transfer component and configured to reduce a received Volt 
age when activated. The apparatus further includes a control 
ler configured to activate the circuit when the received voltage 
reaches a first threshold value and configured to deactivate the 
circuit when the received voltage reaches a second threshold 
value. The apparatus further includes an antenna configured 
to generate a signal to the transmitter that signals to the 
transmitter that the received voltage reached the first thresh 
old value. 
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SYSTEMS AND METHODS FOR LIMITING 
VOLTAGE IN WIRELESS POWER 

RECEIVERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority under 35 U.S.C. 
S119(e) to U.S. Provisional Patent Application No. 61/591, 
201, entitled “SYSTEMS AND METHODS FOR LIMIT 
INGVOLTAGE IN WIRELESS POWER RECEIVERS and 
filed on Jan. 26, 2012, the entire contents of which disclosure 
is herewith incorporated by reference. This application addi 
tionally claims priority under 35 U.S.C. S 119(e) to U.S. Pro 
visional Patent Application No. 61/550,173, entitled “INTE 
GRATED SIGNALING AND PROTECTION FOR 
WIRELESS POWER SYSTEM and filed on Oct. 21, 2011, 
the entire contents of which disclosure is herewith incorpo 
rated by reference. 

FIELD 

0002 The present invention relates generally to wireless 
power. More specifically, the disclosure is directed to limiting 
Voltage in wireless power receivers. 

BACKGROUND 

0003. An increasing number and variety of electronic 
devices are powered via rechargeable batteries. Such devices 
include mobile phones, portable music players, laptop com 
puters, tablet computers, computer peripheral devices, com 
munication devices (e.g., Bluetooth devices), digital cameras, 
hearing aids, and the like. While battery technology has 
improved, battery-powered electronic devices increasingly 
require and consume greater amounts of power. As such, 
these devices constantly require recharging. Rechargeable 
devices are often charged via wired connections through 
cables or other similar connectors that are physically con 
nected to a power Supply. Cables and similar connectors may 
Sometimes be inconvenient or cumbersome and have other 
drawbacks. Wireless charging systems that are capable of 
transferring powerin free space to be used to charge recharge 
able electronic devices or provide power to electronic devices 
may overcome some of the deficiencies of wired charging 
Solutions. As such, wireless power transfer systems and meth 
ods that efficiently and safely transfer power to electronic 
devices are desirable. 

SUMMARY OF THE INVENTION 

0004 Various implementations of systems, methods and 
devices within the scope of the appended claims each have 
several aspects, no single one of which is solely responsible 
for the desirable attributes described herein. Without limiting 
the scope of the appended claims, some prominent features 
are described herein. 
0005 Details of one or more implementations of the sub 

ject matter described in this specification are set forth in the 
accompanying drawings and the description below. Other 
features, aspects, and advantages will become apparent from 
the description, the drawings, and the claims. Note that the 
relative dimensions of the following figures may not be drawn 
to scale. 
0006. One aspect of the disclosure provides an apparatus 
to receive power wirelessly from a transmitter. The apparatus 
comprises a power transfer component configured to receive 
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power wirelessly from the transmitter. The apparatus further 
comprises a circuit coupled to the power transfer component, 
the circuit configured to reduce a received Voltage when acti 
vated. The apparatus further comprises a controller config 
ured to activate the circuit when the received voltage reaches 
a first threshold value and configured to deactivate the circuit 
when the received voltage reaches a second threshold value. 
The apparatus further comprises an antenna configured to 
generate a signal received by the transmitter that signals to the 
transmitter that the received voltage reached the first thresh 
old value. 

0007 Another aspect of the disclosure provides a method 
for limiting voltage in a wireless power receiver. The method 
comprises receiving power wirelessly from a transmitter. The 
method further comprises measuring a value of a received 
Voltage. The method further comprises activating a circuit 
when the received voltage reaches a first threshold value, the 
circuit configured to reduce the received voltage. The method 
further comprises generating a pulse received by the trans 
mitter when the circuit is activated that signals to the trans 
mitter that the received voltage reached the first threshold 
value. The method further comprises deactivating the circuit 
when the received voltage reaches a second threshold value. 
0008 Another aspect of the disclosure provides an appa 
ratus configured to limit Voltage in a wireless power receiver. 
The apparatus comprises means for receiving power wire 
lessly from a transmitter. The apparatus further comprises 
means for measuring a value of a received Voltage. The appa 
ratus further comprises means for activating a circuit when 
the received voltage reaches a first threshold value, the circuit 
configured to reduce the received Voltage. The apparatus fur 
ther comprises means for generating a pulse received by the 
transmitter when the circuit is activated that signals to the 
transmitter that the received voltage reached the first thresh 
old value. The apparatus further comprises means for deacti 
Vating the circuit when the received Voltage reaches a second 
threshold value. 

0009. Another aspect of the disclosure provides a non 
transitory computer-readable medium comprising code that, 
when executed, causes an apparatus to receive power wire 
lessly from a transmitter. The medium further comprises code 
that, when executed, causes the apparatus to measure a value 
of a received voltage. The medium further comprises code 
that, when executed, causes the apparatus to activate a circuit 
when the received voltage reaches a first threshold value, the 
circuit configured to reduce the received voltage. The 
medium further comprises code that, when executed, causes 
the apparatus to generate a pulse received by the transmitter 
when the circuit is activated that signals to the transmitter that 
the received voltage reached the first threshold value. The 
medium further comprises code that, when executed, causes 
the apparatus to deactivate the circuit when the received volt 
age reaches a second threshold value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a functional block diagram of an exem 
plary wireless power transfer system, in accordance with 
exemplary embodiments of the invention. 
0011 FIG. 2 is a functional block diagram of exemplary 
components that may be used in the wireless power transfer 
system of FIG. 1, in accordance with various exemplary 
embodiments of the invention. 
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0012 FIG. 3 is a schematic diagram of a portion of trans 
mit circuitry or receive circuitry of FIG.2 including a transmit 
or receive coil, in accordance with exemplary embodiments 
of the invention. 
0013 FIG. 4 is a functional block diagram of a transmitter 
that may be used in the wireless power transfer system of FIG. 
1, in accordance with exemplary embodiments of the inven 
tion. 
0014 FIG. 5 is a functional block diagram of a receiver 
that may be used in the wireless power transfer system of FIG. 
1, in accordance with exemplary embodiments of the inven 
tion. 
0015 FIG. 6 is a schematic diagram of a portion of trans 
mit circuitry that may be used in the transmit circuitry of FIG. 
4. 
0016 FIG. 7 is a functional block diagram of a receiver 
that may be used in the wireless power transfer system of FIG. 
1, in accordance with exemplary embodiments of the inven 
tion. 
0017 FIG. 8A is a schematic diagram of a receiver with a 
portion of a receive coil and a Switching and signaling cir 
cuitry that may be used in the receiver of FIG. 7. 
0018 FIG. 8B is a schematic diagram of a portion of a 
transmitter that may be used in the transmit circuitry of FIG. 
6. 
0019 FIG. 9 is a timing diagram of signals that may be 
generated by a receiver that may be used in the wireless power 
transfer system of FIG. 1, in accordance with exemplary 
embodiments of the invention. 
0020 FIG. 10 is another timing diagram of signals that 
may be generated by a receiver that may be used in the 
wireless power transfer system of FIG. 1, in accordance with 
exemplary embodiments of the invention. 
0021 FIG. 11 is another timing diagram of signals that 
may be generated by a receiver that may be used in the 
wireless power transfer system of FIG. 1, in accordance with 
exemplary embodiments of the invention. 
0022 FIG. 12A is a partial state diagram of an overvoltage 
protection scheme for a receiver that may be used in the 
receiver of FIG. 8A. 
0023 FIG.12B is another partial state diagram of an over 
Voltage protection scheme for a receiver that may be used in 
the receiver of FIG. 8A. 
0024 FIG. 13 is a state diagram of a transmitter that may 
be used in the wireless power transfer system of FIG. 1, in 
accordance with exemplary embodiments of the invention. 
0025 FIG. 14 is a state diagram of a receiver that may be 
used in the receiver of FIG. 8A. 
0026 FIG. 15 is a diagram of exemplary receiver control 
threshold values that may be used in the receiver of FIG.8A. 
0027 FIG. 16 is a screenshot of a simulation result in 
accordance with exemplary embodiments of the invention. 
0028 FIG. 17 is another screenshot of a simulation result 
in accordance with exemplary embodiments of the invention. 
0029 FIG. 18 is a flowchart of an exemplary method for 
limiting Voltage in a wireless power receiver. 
0030 FIG. 19 is a functional block diagram of a receiver, 
in accordance with an exemplary embodiment of the inven 
tion. 
0031. The various features illustrated in the drawings may 
not be drawn to scale. Accordingly, the dimensions of the 
various features may be arbitrarily expanded or reduced for 
clarity. In addition, some of the drawings may not depict all of 
the components of a given system, method or device. Finally, 
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like reference numerals may be used to denote like features 
throughout the specification and figures. 

DETAILED DESCRIPTION 

0032. The detailed description set forth below in connec 
tion with the appended drawings is intended as a description 
of exemplary embodiments of the invention and is not 
intended to represent the only embodiments in which the 
invention may be practiced. The term “exemplary' used 
throughout this description means "serving as an example, 
instance, or illustration, and should not necessarily be con 
Strued as preferred or advantageous over other exemplary 
embodiments. The detailed description includes specific 
details for the purpose of providing a thorough understanding 
of the exemplary embodiments of the invention. The exem 
plary embodiments of the invention may be practiced without 
these specific details. In some instances, well-known struc 
tures and devices are shown in block diagram form in order to 
avoid obscuring the novelty of the exemplary embodiments 
presented herein. 
0033 Wirelessly transferring power may refer to transfer 
ring any form of energy associated with electric fields, mag 
netic fields, electromagnetic fields, or otherwise from a trans 
mitter to a receiver without the use of physical electrical 
conductors (e.g., power may be transferred through free 
space). The power output into a wireless field (e.g., a mag 
netic field) may be received, captured by, or coupled by a 
“receiving coil to achieve power transfer. 
0034 FIG. 1 is a functional block diagram of an exem 
plary wireless power transfer system 100, in accordance with 
exemplary embodiments of the invention. Input power 102 
may be provided to a transmitter 104 from a power source (not 
shown) for generating a field 105 for providing energy trans 
fer. A receiver 108 may couple to the field 105 and generate 
output power 110 for storing or consumption by a device (not 
shown) coupled to the output power 110. Both the transmitter 
104 and the receiver 108 are separated by a distance 112. In 
one exemplary embodiment, transmitter 104 and receiver 108 
are configured according to a mutual resonant relationship. 
When the resonant frequency of receiver 108 and the resonant 
frequency of transmitter 104 are substantially the same or 
very close, transmission losses between the transmitter 104 
and the receiver 108 are minimal. As such, wireless power 
transfer may be provided over larger distance in contrast to 
purely inductive solutions that may require large coils that 
require coils to be very close (e.g., mms). Resonant inductive 
coupling techniques may thus allow for improved efficiency 
and power transfer over various distances and with a variety 
of inductive coil configurations. 
0035. The receiver 108 may receive power when the 
receiver 108 is located in an energy field 105 produced by the 
transmitter 104. The field 105 corresponds to a region where 
energy output by the transmitter 104 may be captured by a 
receiver 105. In some cases, the field 105 may correspond to 
the “near-field of the transmitter 104 as will be further 
described below. The transmitter 104 may include a transmit 
coil 114 for outputting an energy transmission. The receiver 
108 further includes a receive coil 118 for receiving or cap 
turing energy from the energy transmission. The near-field 
may correspond to a region in which there are strong reactive 
fields resulting from the currents and charges in the transmit 
coil 114 that minimally radiate power away from the transmit 
coil 114. In some cases the near-field may correspond to a 
region that is within about one wavelength (or a fraction 
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thereof) of the transmit coil 114. The transmit and receive 
coils 114 and 118 are sized according to applications and 
devices to be associated therewith. As described above, effi 
cient energy transfer may occur by coupling a large portion of 
the energy in a field 105 of the transmit coil 114 to a receive 
coil 118 rather than propagating most of the energy in an 
electromagnetic wave to the far field. When positioned within 
the field 105, a “coupling mode' may be developed between 
the transmit coil 114 and the receive coil 118. The area around 
the transmit and receive coils 114 and 118 where this cou 
pling may occur is referred to herein as a coupling-mode 
region. 
0036 FIG. 2 is a functional block diagram of exemplary 
components that may be used in the wireless power transfer 
system 100 of FIG. 1, in accordance with various exemplary 
embodiments of the invention. The transmitter 204 may 
include transmit circuitry 206 that may include an oscillator 
222, a driver circuit 224, and a filter and matching circuit 226. 
The oscillator 222 may be configured to generate a signal at a 
desired frequency, such as 468.75 KHZ, 6.78 MHz or 13.56 
MHz, that may be adjusted in response to a frequency control 
signal 223. The oscillator signal may be provided to a driver 
circuit 224 configured to drive the transmit coil 214 at, for 
example, a resonant frequency of the transmit coil 214. The 
driver circuit 224 may be a Switching amplifier configured to 
receive a square wave from the oscillator 222 and output a 
sine wave. For example, the driver circuit 224 may be a class 
E amplifier. A filter and matching circuit 226 may be also 
included to filter out harmonics or other unwanted frequen 
cies and match the impedance of the transmitter 204 to the 
transmit coil 214. 

0037. The receiver 208 may include receive circuitry 210 
that may include a matching circuit 232 and a rectifier and 
Switching circuit 234 to generate a DC power output from an 
AC power input to charge a battery 236 as shown in FIG. 2 or 
to power a device (not shown) coupled to the receiver 108. 
The matching circuit 232 may be included to match the 
impedance of the receive circuitry 210 to the receive coil 218. 
The receiver 208 and transmitter 204 may additionally com 
municate on a separate communication channel 219 (e.g., 
Bluetooth, Zigbee, cellular, etc). The receiver 208 and trans 
mitter 204 may alternatively communicate via in-band sig 
naling using characteristics of the wireless field 206. 
0038. As described more fully below, receiver 208, that 
may initially have a selectively disablable associated load 
(e.g., battery 236), may be configured to determine whether 
an amount of power transmitted by transmitter 204 and 
receiver by receiver 208 is appropriate for charging a battery 
236. Further, receiver 208 may be configured to enable a load 
(e.g., battery 236) upon determining that the amount of power 
is appropriate. In some embodiments, a receiver 208 may be 
configured to directly utilize power received from a wireless 
power transfer field without charging of a battery 236. For 
example, a communication device. Such as a near-field com 
munication (NFC) or radio-frequency identification device 
(RFID may be configured to receive power from a wireless 
power transfer field and communicate by interacting with the 
wireless power transfer field and/or utilize the received power 
to communicate with a transmitter 204 or other devices. 
0039 FIG. 3 is a schematic diagram of a portion of trans 
mit circuitry 206 or receive circuitry 210 of FIG. 2 including 
a transmit or receive coil 352, in accordance with exemplary 
embodiments of the invention. As illustrated in FIG. 3, trans 
mit or receive circuitry 350 used in exemplary embodiments 
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may include a coil 352. The coil may also be referred to or be 
configured as a “loop' antenna 352. The coil 352 may also be 
referred to herein or be configured as a “magnetic' antenna or 
an induction coil. The term "coil' is intended to refer to a 
component that may wirelessly output or receive energy for 
coupling to another “coil.” The coil may also be referred to as 
an “antenna' of a type that is configured to wirelessly output 
or receive power. The coil 352 may be configured to include 
an air core or a physical core Such as a ferrite core (not 
shown). Air core loop coils may be more tolerable to extra 
neous physical devices placed in the vicinity of the core. 
Furthermore, an air core loop coil 352 allows the placement of 
other components within the core area. In addition, an air core 
loop may more readily enable placement of the receive coil 
218 (FIG. 2) within a plane of the transmit coil 214 (FIG. 2) 
where the coupled-mode region of the transmit coil 214 (FIG. 
2) may be more powerful. 
0040. As stated, efficient transfer of energy between the 
transmitter 104 and receiver 108 may occur during matched 
or nearly matched resonance between the transmitter 104 and 
the receiver 108. However, even when resonance between the 
transmitter 104 and receiver 108 are not matched, energy may 
be transferred, although the efficiency may be affected. 
Transfer of energy occurs by coupling energy from the field 
105 of the transmitting coil to the receiving coil residing in the 
neighborhood where this field 105 is established rather than 
propagating the energy from the transmitting coil into free 
Space. 

0041. The resonant frequency of the loop or magnetic 
coils is based on the inductance and capacitance. Inductance 
may be simply the inductance created by the coil 352, 
whereas, capacitance may be added to the coils inductance to 
create a resonant structure at a desired resonant frequency. As 
a non-limiting example, capacitor 352 and capacitor 354 may 
be added to the transmit or receive circuitry 350 to create a 
resonant circuit that selects a signal 356 at a resonant fre 
quency. Accordingly, for larger diameter coils, the size of 
capacitance needed to Sustain resonance may decrease as the 
diameter or inductance of the loop increases. Furthermore, as 
the diameter of the coil increases, the efficient energy transfer 
area of the near-field may increase. Other resonant circuits 
formed using other components are also possible. As another 
non-limiting example, a capacitor may be placed in parallel 
between the two terminals of the coil 352. For transmit coils, 
a signal 358 with a frequency that substantially corresponds 
to the resonant frequency of the coil 352 may be an input to 
the coil 352. 

0042. In one embodiment, the transmitter 104 may be 
configured to output a time varying magnetic field with a 
frequency corresponding to the resonant frequency of the 
transmit coil 114. When the receiver is within the field 105, 
the time varying magnetic field may induce a current in the 
receive coil 118. As described above, if the receive coil 118 is 
configured to be resonant at the frequency of the transmit coil 
118, energy may be efficiently transferred. The AC signal 
induced in the receive coil 118 may be rectified as described 
above to produce a DC signal that may be provided to charge 
or to power a load. 
0043 FIG. 4 is a functional block diagram of a transmitter 
404 that may be used in the wireless power transfer system of 
FIG. 1, in accordance with exemplary embodiments of the 
invention. The transmitter 404 may include transmit circuitry 
406 and a transmit coil 414. The transmit coil 414 may be the 
coil 352 as shown in FIG. 3. Transmit circuitry 406 may 
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provide RF power to the transmit coil 414 by providing an 
oscillating signal resulting in generation of energy (e.g., mag 
netic flux) about the transmit coil 414. Transmitter 404 may 
operate at any Suitable frequency. 
0044) Transmit circuitry 406 may include a fixed imped 
ance matching circuit 409 for matching the impedance of the 
transmit circuitry 406 (e.g., 50 ohms) to the transmit coil 414 
and a low pass filter (LPF) 408 configured to reduce harmonic 
emissions to levels to prevent self-jamming of devices 
coupled to receivers 108 (FIG. 1). Other exemplary embodi 
ments may include different filter topologies, including but 
not limited to, notch filters that attenuate specific frequencies 
while passing others and may include an adaptive impedance 
match, that may be varied based on measurable transmit 
metrics, such as output power to the coil 414 or DC current 
drawn by the driver circuit 424. Transmit circuitry 406 further 
includes a driver circuit 424 configured to drive an RF signal 
as determined by an oscillator 423. The transmit circuitry 406 
may be comprised of discrete devices or circuits, or alter 
nately, may be comprised of an integrated assembly. An 
exemplary RF power output from transmit coil 414 may be on 
the order of 2.5 Watts. 
0045 Transmit circuitry 406 may further include a con 

troller 415 for selectively enabling the oscillator 423 during 
transmit phases (or duty cycles) for specific receivers, for 
adjusting the frequency or phase of the oscillator 423, and for 
adjusting the output power level for implementing a commu 
nication protocol for interacting with neighboring devices 
through their attached receivers. It is noted that the controller 
415 may also be referred to herein as processor 415. Adjust 
ment of oscillator phase and related circuitry in the transmis 
sion path may allow for reduction of out of band emissions, 
especially when transitioning from one frequency to another. 
0046. The transmit circuitry 406 may further include a 
load sensing circuit 416 for detecting the presence or absence 
of active receivers in the vicinity of the near-field generated 
by transmit coil 414. By way of example, a load sensing 
circuit 416 monitors the current flowing to the driver circuit 
424, that may be affected by the presence or absence of active 
receivers in the vicinity of the field generated by transmit coil 
414 as will be further described below. Detection of changes 
to the loading on the driver circuit 424 are monitored by 
controller 415 for use in determining whether to enable the 
oscillator 423 for transmitting energy and to communicate 
with an active receiver. As described more fully below, a 
current measured at the driver circuit 424 may be used to 
determine whether an invalid device is positioned within a 
wireless power transfer region of the transmitter 404. 
0047. The transmit coil 414 may be implemented with a 
Litz wire or as an antenna strip with the thickness, width and 
metal type selected to keep resistive losses low. In a one 
implementation, the transmit coil 414 may generally be con 
figured for association with a larger structure Such as a table, 
mat, lamp or other less portable configuration. Accordingly, 
the transmit coil 414 generally may not need “turns' in order 
to be of a practical dimension. An exemplary implementation 
of a transmit coil 414 may be “electrically small' (i.e., frac 
tion of the wavelength) and tuned to resonate at lower usable 
frequencies by using capacitors to define the resonant fre 
quency. 

0048. The transmitter 404 may gather and track informa 
tion about the whereabouts and status of receiver devices that 
may be associated with the transmitter 404. Thus, the transmit 
circuitry 406 may include a presence detector 480, an 
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enclosed detector 460, or a combination thereof, connected to 
the controller 415 (also referred to as a processor herein). The 
controller 415 may adjust an amount of power delivered by 
the driver circuit 424 in response to presence signals from the 
presence detector 480 and the enclosed detector 460. The 
transmitter 404 may receive power through a number of 
power sources, such as, for example, an AC-DC converter 
(not shown) to convert conventional AC power present in a 
building, a DC-DC converter (not shown) to convert a con 
ventional DC power source to a voltage suitable for the trans 
mitter 404, or directly from a conventional DC power source 
(not shown). 
0049. As a non-limiting example, the presence detector 
480 may be a motion detector utilized to sense the initial 
presence of a device to be charged that is inserted into the 
coverage area of the transmitter 404. After detection, the 
transmitter 404 may be turned on and the RF power received 
by the device may be used to toggle a switch on the RX device 
in a pre-determined manner, which in turn results in changes 
to the driving point impedance of the transmitter 404. 
0050. As another non-limiting example, the presence 
detector 480 may be a detector capable of detecting a human, 
for example, by infrared detection, motion detection, or other 
Suitable means. In some exemplary embodiments, there may 
be regulations limiting the amount of power that a transmit 
coil 414 may transmit at a specific frequency. In some cases, 
these regulations are meant to protect humans from electro 
magnetic radiation. However, there may be environments 
where a transmit coil 414 is placed in areas not occupied by 
humans, or occupied infrequently by humans, such as, for 
example, garages, factory floors, shops, and the like. If these 
environments are free from humans, it may be permissible to 
increase the power output of the transmit coil 414 above the 
normal power restrictions regulations. In other words, the 
controller 415 may adjust the power output of the transmit 
coil 414 to a regulatory level or lower in response to human 
presence and adjust the power output of the transmit coil 414 
to a level above the regulatory level when a human is outside 
a regulatory distance from the electromagnetic field of the 
transmit coil 414. 

0051. As a non-limiting example, the enclosed detector 
460 (may also be referred to herein as an enclosed compart 
ment detector or an enclosed space detector) may be a device 
Such as a sense Switch for determining when an enclosure is in 
a closed or open state. When a transmitter is in an enclosure 
that is in an enclosed state, a power level of the transmitter 
may be increased. 
0052. In exemplary embodiments, a method by which the 
transmitter 404 does not remain on indefinitely may be used. 
In this case, the transmitter 404 may be programmed to shut 
off after a user-determined amount of time. This feature pre 
vents the transmitter 404, notably the driver circuit 424, from 
running long after the wireless devices in its perimeter are 
fully charged. This event may be due to the failure of the 
circuit to detect the signal sent from either the repeater or the 
receive coil that a device is fully charged. To prevent the 
transmitter 404 from automatically shutting down if another 
device is placed in its perimeter, the transmitter 404 automatic 
shut off feature may beactivated only after a set period of lack 
of motion detected in its perimeter. The user may be able to 
determine the inactivity time interval, and change it as 
desired. As a non-limiting example, the time interval may be 
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longer than that needed to fully charge a specific type of 
wireless device under the assumption of the device being 
initially fully discharged. 
0053 FIG. 5 is a functional block diagram of a receiver 
508that may be used in the wireless power transfer system of 
FIG. 1, in accordance with exemplary embodiments of the 
invention. The receiver 508 includes receive circuitry 510 that 
may include a receive coil 518. Receiver 508 further couples 
to device 550 for providing received power thereto. It should 
be noted that receiver 508 is illustrated as being external to 
device 550 but may be integrated into device 550. Energy may 
be propagated wirelessly to receive coil 518 and then coupled 
through the rest of the receive circuitry 510 to device 550. By 
way of example, the charging device may include devices 
Such as mobile phones, portable music players, laptop com 
puters, tablet computers, computer peripheral devices, com 
munication devices (e.g., Bluetooth devices), digital cameras, 
hearing aids (an other medical devices), and the like. 
0054 Receive coil 518 may be tuned to resonate at the 
same frequency, or within a specified range of frequencies, as 
transmit coil 414 (FIG. 4). Receive coil 518 may be similarly 
dimensioned with transmit coil 414 or may be differently 
sized based upon the dimensions of the associated device 550. 
By way of example, device 550 may be a portable electronic 
device having diametric or length dimension Smaller that the 
diameter of length of transmit coil 414. In Such an example, 
receive coil 518 may be implemented as a multi-turn coil in 
order to reduce the capacitance value of a tuning capacitor 
(not shown) and increase the receive coils impedance. By 
way of example, receive coil 518 may be placed around the 
substantial circumference of device 550 in order to maximize 
the coil diameter and reduce the number of loop turns (i.e., 
windings) of the receive coil 518 and the inter-winding 
capacitance. 
0055 Receive circuitry 510 may provide an impedance 
match to the receive coil 518. Receive circuitry 510 includes 
power conversion circuitry 506 for converting a received RF 
energy source into charging power for use by the device 550. 
Power conversion circuitry 506 includes an RF-to-DC con 
verter 520 and may also in include a DC-to-DC converter 522. 
RF-to-DC converter 520 rectifies the RF energy signal 
received at receive coil 518 into a non-alternating power with 
an output voltage represented by V. The DC-to-DC con 
verter 522 (or other power regulator) converts the rectified RF 
energy signal into an energy potential (e.g., Voltage) that is 
compatible with device 550 with an output voltage and output 
current represented by V, and I. Various RF-to-DC con 
Verters are contemplated, including partial and full rectifiers, 
regulators, bridges, doublers, as well as linear and Switching 
COnVerters. 

0056 Receive circuitry 510 may further include switching 
circuitry 512 for connecting receive coil 518 to the power 
conversion circuitry 506 or alternatively for disconnecting the 
power conversion circuitry 506. Disconnecting receive coil 
518 from power conversion circuitry 506 not only suspends 
charging of device 550, but also changes the “load as “seen 
by the transmitter 404 (FIG. 2). 
0057. As disclosed above, transmitter 404 includes load 
sensing circuit 416 that may detect fluctuations in the bias 
current provided to transmitter driver circuit 424. Accord 
ingly, transmitter 404 has a mechanism for determining when 
receivers are present in the transmitter's near-field. 
0058 When multiple receivers 508 are present in a trans 
mitter's near-field, it may be desirable to time-multiplex the 
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loading and unloading of one or more receivers to enable 
other receivers to more efficiently couple to the transmitter. A 
receiver 508 may also be cloaked in order to eliminate cou 
pling to other nearby receivers or to reduce loading on nearby 
transmitters. This “unloading of a receiver is also known 
herein as a "cloaking.” Furthermore, this switching between 
unloading and loading controlled by receiver 508 and 
detected by transmitter 404 may provide a communication 
mechanism from receiver 508 to transmitter 404 as is 
explained more fully below. Additionally, a protocol may be 
associated with the Switching that enables the sending of a 
message from receiver 508 to transmitter 404. By way of 
example, a Switching speed may be on the order of 100 usec. 
0059. In an exemplary embodiment, communication 
between the transmitter 404 and the receiver 508 refers to a 
device sensing and charging control mechanism, rather than 
conventional two-way communication (i.e., in band signaling 
using the coupling field). In other words, the transmitter 404 
may use on/off keying of the transmitted signal to adjust 
whether energy is available in the near-field. The receiver may 
interpret these changes in energy as a message from the 
transmitter 404. From the receiverside, the receiver 508 may 
use tuning and de-tuning of the receive coil 518 to adjust how 
much power is being accepted from the field. In some cases, 
the tuning and de-tuning may be accomplished via the Switch 
ing circuitry 512. The transmitter 404 may detect this differ 
ence in power used from the field and interpret these changes 
as a message from the receiver 508. It is noted that otherforms 
of modulation of the transmit power and the load behavior 
may be utilized. 
0060 Receive circuitry 510 may further include signaling 
detector and beacon circuitry 514 used to identify received 
energy fluctuations, that may correspond to informational 
signaling from the transmitter to the receiver. Furthermore, 
signaling and beacon circuitry 514 may also be used to detect 
the transmission of a reduced RF signal energy (i.e., a beacon 
signal) and to rectify the reduced RF signal energy into a 
nominal power for awakening either un-powered or power 
depleted circuits within receive circuitry 510 in order to con 
figure receive circuitry 510 for wireless charging. 
0061 Receive circuitry 510 further includes processor 
516 for coordinating the processes of receiver 508 described 
herein including the control of switching circuitry 512 
described herein. Cloaking of receiver 508 may also occur 
upon the occurrence of other events including detection of an 
external wired charging source (e.g., wall/USB power) pro 
viding charging power to device 550. Processor 516, in addi 
tion to controlling the cloaking of the receiver, may also 
monitor beacon circuitry 514 to determine a beacon state and 
extract messages sent from the transmitter 404. Processor 516 
may also adjust the DC-to-DC converter 522 for improved 
performance. 
0062 FIG. 6 is a schematic diagram of a portion of trans 
mit circuitry 600 that may be used in the transmit circuitry 
406 of FIG. 4. The transmit circuitry 600 may include a driver 
circuit 624 as described above in FIG. 4. As described above, 
the driver circuit 624 may be a switching amplifier that may 
be configured to receive a square wave and output a sine wave 
to be provided to the transmit circuit 650. In some cases the 
driver circuit 624 may be referred to as an amplifier circuit. 
The driver circuit 624 is shown as a class E amplifier, how 
ever, any suitable driver circuit 624 may be used in accor 
dance with embodiments of the invention. The driver circuit 
624 may be driven by an input signal 602 from an oscillator 
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423 as shown in FIG. 4. The driver circuit 624 may also be 
provided with a drive Voltage V, that is configured to control 
the maximum power that may be delivered through a transmit 
circuit 650. To eliminate or reduce harmonics, the transmit 
circuitry 600 may include a filter circuit 626. The filter circuit 
626 may be a three pole (capacitor 634, inductor 632, and 
capacitor 636) low pass filter circuit 626. 
0063. The signal output by the filter circuit 626 may be 
provided to a transmit circuit 650 comprising a coil 614. The 
transmit circuit 650 may include a series resonant circuit 
having a capacitance 620 and inductance (e.g., that may be 
due to the inductance or capacitance of the coil or to an 
additional capacitor component) that may resonate at a fre 
quency of the filtered signal provided by the driver circuit 
624. The load of the transmit circuit 650 may be represented 
by the variable resistor 622. The load may be a function of a 
wireless power receiver 508 that is positioned to receive 
power from the transmit circuit 650. 
0064 FIG. 7 is a functional block diagram of a receiver 
700 that may be used in the wireless power transfer system of 
FIG. 1, in accordance with exemplary embodiments of the 
invention. The receiver 700 includes receive circuitry 710 that 
may include a receive coil 718. The receiver 700 may further 
include switching and signaling circuitry 704 and Over Volt 
age Protection (OVP)/signaling controller 702. Receiver 700 
further couples to charging device 750 for providing received 
power thereto. In some embodiments, receive coil 718 may be 
similar to receive coilS18 of FIG.5, receive circuitry 710 may 
be similar to receive circuitry 510 of FIG. 5, and charging 
device 750 may be similar to charging device 550 of FIG. 5. 
It should be noted that receive circuitry 710 is illustrated as 
being external to charging device 750 but may be integrated 
into charging device 750. Energy may be propagated wire 
lessly to receive coil 718 and then coupled through the rest of 
the Switching and signaling circuitry 704 and the receive 
circuitry 710 to charging device 750. By way of example, the 
charging device 750 may include devices such as mobile 
phones, portable music players, laptop computers, tablet 
computers, computer peripheral devices, communication 
devices (e.g., Bluetooth devices), digital cameras, hearing 
aids (an other medical devices), and the like. 
0065 Receive coil 718 may be tuned to resonate at the 
same frequency, or within a specified range of frequencies, as 
transmit coil 414 (FIG. 4). Receive coil 718 may be similarly 
dimensioned with transmit coil 414 or may be differently 
sized based upon the dimensions of the associated charging 
device 750. By way of example, device 750 may be a portable 
electronic device having diametric or length dimension 
smaller that the diameter of length of transmit coil 414. In 
such an example, receive coil 718 may be implemented as a 
multi-turn coil in order to reduce the capacitance value of a 
tuning capacitor (not shown) and increase the receive coils 
impedance. By way of example, receive coil 718 may be 
placed around the Substantial circumference of charging 
device 750 in order to maximize the coil diameter and reduce 
the number of loop turns (i.e., windings) of the receive coil 
718 and the inter-winding capacitance. 
0066 Switching and signaling circuitry 704 may function 

to protect the receive circuitry 710 from high voltages 
induced on receive coil 718 by a transmitter, such as trans 
mitter 204 of FIG. 2. Switching and signaling circuitry 704 
may also function to notify the transmitter of the overvoltage 
condition so that the transmitter can remove the overvoltage 
condition. As an example, when an overvoltage condition is 
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detected, Switching and signaling circuitry 704 may activate 
switches to clamp the receiver 700 and change the circuits 
impedance to reduce current flow. In addition, Switching and 
signaling circuitry 704 may generate pulses that are transmit 
ted to the transmitter and/or detune the receiver 700 (e.g., via 
linear or digital detuning) to notify the transmitter that the 
overvoltage condition has occurred. Switches may be turned 
on and off according to a pulse width modulation process to 
generate the pulses. As described herein, Switching and sig 
naling circuitry 704 may also be referred to as a voltage decay 
circuit. 

0067. OVP/signaling controller 702 may function to mea 
sure a voltage received by receiver 700 to determine whether 
the overvoltage condition has occurred. OVP/signaling con 
troller 702 may also determine when the overvoltage condi 
tion has passed. In some embodiments. OVP/signaling con 
troller 702 may also control the switches of Switching and 
signaling circuitry 704 to generate the appropriate messages 
to be sent to the transmitter. OVP/signaling controller 702 and 
Switching and signaling circuitry 704 are discussed in more 
detail with respect to FIG. 8A. 
0068 FIG. 8A is a schematic diagram of a receiver 800 
with a portion of receive coil 718 and Switching and signaling 
circuitry 704 that may be used in the receiver 700 of FIG. 7. 
While receive coil 718 is illustrated as including capacitors 
802 and 810, resistors 804 and 808, and inductor 806, this 
configuration is not meant to be limiting as it should be 
apparent to one skilled in the art that receive coil 718 may be 
designed in several different ways to achieve the functionality 
of a receive coil as described above. Likewise, while switch 
ing and signaling circuitry 714 is illustrated as including 
capacitors 838 and 840, resistors 846 and 848, transistors 842 
and 844, and diodes 852 and 854, this configuration is not 
meant to be limiting as it should be apparent to one skilled in 
the art that Switching and signaling circuitry 704 may be 
designed in several different ways to achieve the functionality 
of a Switching and signaling circuitry as described herein. 
0069. In an embodiment, receive coil 718 may receive 
power wirelessly from a transmitter. During an initial state, 
OVP/signaling controller 702 may output a low signal such 
that transistors 842 and/or 844, which act like switches, 
change the impedance of the receiver and/or allow less cur 
rent to pass. In other words, transistors 842 and/or 844 may be 
in an off state. The current may pass through the rest of 
switching and signaling circuitry 704 and reach node 868. 
OVP/signaling controller 702 may be configured to measure 
a voltage at node 868 and compare this voltage to threshold 
voltage values. As an example. OVP/signaling controller 702 
may include a comparator (not shown) to compare the Voltage 
at node 868 with a threshold voltage value. These threshold 
Voltage values may be predetermined or based on the condi 
tions of receiver 800. One threshold voltage value may be an 
overvoltage threshold value, which is a voltage at which the 
receiver 800 would be in an overvoltage condition. For 
example, if the Voltage at node 868 is equal to or greater than 
the overvoltage threshold value, then the receiver 800 may be 
in an overvoltage condition and the transistors 842 and/or 844 
may be transitioned to an on state. The overvoltage threshold 
value may be 26V. 
0070 Another threshold value may be a minimum over 
voltage threshold value, which is a voltage at which the 
receiver 800 could open the clamps such that transistors 842 
and/or 844 are again in an offstate. The minimum overvoltage 
threshold value may be equal to or greater than the Voltage 
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necessary for the receiver 800 to operate in a steady state. In 
Some instances, it may be desirable to set the minimum over 
Voltage threshold value to be greater than the Voltage neces 
sary for the receiver 800 to operate in a steady state to account 
for any delays that may occur when the receiver 800 switches 
the transistors 842 and/or 844 from an on state to an off state. 
Note that the receiver 800 may still be in an overvoltage 
condition even if the minimum overvoltage threshold value 
has been reached. A time that it takes a voltage at node 868 to 
drop from the overvoltage threshold value to the minimum 
overvoltage threshold value may not be of a sufficient dura 
tion to allow the receiver 800 to notify the transmitter that it is 
in an overvoltage condition. The receiver 800 may remain in 
an overvoltage condition until the transmitter receives notifi 
cation that the receiver 800 is in an overvoltage condition and 
reduces and/or removes a power transmitted to the receiver 
800. For example, if the Voltage at node 868 is equal or less 
than the minimum overvoltage threshold value, while the 
receiver 800 may or may no longer be in an overvoltage 
condition, the receiver 800 may open the clamps to allow a 
voltage at node 868 to increase. Note, however, that if the 
receiver 800 is already operating in a normal configuration 
(i.e. an overvoltage condition does not currently exist), then 
the minimum overVoltage threshold value may be ignored for 
the purposes of altering a configuration of the receiver 800. 
The minimum overvoltage threshold value may be 12V. 
0071. In an embodiment, if the voltage at node 868 is equal 

to or exceeds the overvoltage threshold value, then the OVP/ 
signaling controller 702 may function to clamp the receiver 
800 by activating the transistors 842 and/or 844 such that the 
transistors 842 and/or 844 change an impedance of the 
receiver 800 and/or allow current to pass (i.e. the transistors 
842 and/or 844 are in an on state). Activating transistors 842 
and/or 844 may cause the voltage at node 868 to decrease. 
Once the voltage at node 868 reaches the minimum overvolt 
age threshold value. OVP/signaling controller 702 may deac 
tivate transistors 842 and/or 844. As described herein, deac 
tivating transistors 842 and/or 844 may prevent the voltage at 
node 868 from becoming too low. In some embodiments, the 
Voltage at node 86.8 may begin to rise again and the process of 
activating transistors 842 and/or 844 when the voltage 
reaches the overvoltage threshold value may be repeated. In 
this way, the voltage at node 868, an input of receive circuitry 
710, may oscillate between acceptable voltage levels. 
Receive circuitry 710 may then be able to operate despite 
overvoltage conditions. 
0072. Note that transistors 842 and/or 844 may serve two 
or more functions. In addition to decaying a received Voltage 
when activated, transistors 842 and/or 844 may also be used 
to generate impedance change signals. In an embodiment, 
OVP/signaling controller 702 may concurrently activate and 
deactivate transistors 842 and/or 844 based on a voltage at 
node 868 and activate and deactivate transistors 842 and/or 
844 to periodically generate pulses for transmission to a 
transmitter. The transistors 842 and/or 844 may be activated 
and deactivated according to a pulse width modulation pro 
cess. The pulses may indicate to the transmitter whether the 
receiver is or is not in an overVoltage condition. Based on this 
information, the transmitter may act accordingly. For 
example, the transmitter may reduce a power level of the 
power transmitter to the receiver 800. In some embodiments, 
the transmitter may stop transmitting power to the receiver 
800. Once the transmitter acts to reduce or stop transmitting 
power to the receiver 800, then the receiver 800 may no longer 
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be in an overVoltage condition. In other embodiments, the 
receiver 800 may indicate to the transmitter that it is in an 
overvoltage condition by, for example, sending a signal over 
another communication channel. Such as a 2.4 GHZ commu 
nication channel (e.g., an out-of-band communication using 
Bluetooth, RF, etc.). The receiver 800 may include an 
antenna, not shown, separate from the receive coil 718 and 
coupled to the OVP/signaling controller 702, and the signal 
sent over another communication channel may be transmitted 
using the antenna of the receiver 800. The transmitter may 
include an antenna, not shown, similar to the antenna of the 
receiver 800 to receive the out-of-band communication from 
the receiver 800. The signal transmitted using the antenna of 
the receiver 800 to indicate the overvoltage condition may be 
transmitted concurrently (e.g., simultaneously or nearly 
simultaneously) with the receiver 800 receiving power from 
the transmitter via receive coil 718 and/or with the receiver 
800 adjusting the clamps to control the voltage at node 868. 
The signals generated by OVP/signaling controller 702 and 
transistors 842 and/or 844 are described in greater detail with 
respect to FIGS. 9-11. 
0073. In alternate embodiments, the OVP/signaling con 
troller 702 may not activate and deactivate transistors 842 
and/or 844 to periodically generate pulses. Instead, it should 
be noted that the characteristic impedance of the receiver 800 
as seen at the transmitter changes when the transistors 842 
and/or 844 are activated and deactivated. This impedance 
change may occur at a frequency determined by a recharge 
time of at least one capacitor, such as a rectifying capacitor 
(not shown). The transmitter may use one or more impedance 
sensing methods (e.g., monitoring a current, a Voltage and/or 
a phase signal) to detect the signal (e.g., the pulse) encoded by 
the change in the impedance of the receiver 800. As an 
example, the monitored signal(s) may be chosen based on the 
signal strength. 

0074. In addition, a one-shot (not shown) may be coupled 
between the OVP/signaling controller 702 and the transistors 
842 and 844. The one-shot may function to keep the transis 
tors 842 and/or 844 active even when the OVP/signaling 
controller 702 has sent a signal to deactivate the transistors 
842 and/or 844. This may allow the voltage at node 868 to 
decay to a safe level, prevent rapidoscillations that could lead 
to undesirable EMI characteristics, and/or result in a charac 
teristic periodic change in receiver impedance detectable by 
the transmitter. When a one-shot is present, the frequency 
may also be determined based on a frequency set by the 
one-shot. Accordingly, the transmitter may be signaled that 
the receiver 800 is in an overvoltage condition if it sees the 
frequency determined by the capacitors and/or the one-shot. 
In this way, the transmitter may be signaled as to the over 
voltage condition of the receiver 800 even without explicit 
bursts of pulses transmitted to the transmitter. 
(0075 FIG. 8B is a schematic diagram of a portion 870 of 
a transmitter that may be used in the transmitter 600 of FIG. 
6. The portion 870 may include an envelope detector 871 
and/or a pulse detector 875. In an embodiment, the portion 
870 may be included in receiver 600. For example, the input 
873 of the portion 870 may be inserted at node 692, between 
driver circuit 624 and filter circuit 626 at node 694, between 
filter circuit 626 and transmit circuit 650 at node 696, or at 
node 698. The portion 870 may be configured to monitor 
Voltage on the transmitter's coil to detect load Switching, 
which may identify signal reception. For example, the portion 
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870 may be configured to detect a change in impedance of a 
receiver, such as receiver 800 of FIG. 8A. 
0076. The envelope detector 871 may include capacitors 
872, 876, 882, and/or 884, resistors 874, 880, and/or 886, 
and/or a Schottky diode 878. In an embodiment, the envelope 
detector 871 may couple to a signal, rectify the signal, and/or 
demodulate the signal. While FIG.8B is illustrated depicting 
Such components, it should be apparent to one skilled in the 
art that the envelope detector 871 may be designed in several 
different ways to achieve the same functionality. 
0077. The pulse detector 875 may include one or more 
band-pass filters 888, a rectifier890, a pulse filter 892, and/or 
a comparator 894. In an embodiment, the pulse filter 892 may 
be a low-pass filter. 
0078 FIGS. 9-11 are timing diagrams of signals that may 
be generated by a receiver, such as receiver 800 of FIG. 8A. 
FIG. 9 illustrates a timing diagram of the receiver when the 
receiver is in a normal operating configuration or when the 
receiver is in an overvoltage condition and the minimum 
overvoltage threshold value has been reached. FIG. 9 illus 
trates two waveforms: waveform signals 950 and waveform 
clamp 980. Waveform signals 950 represents a control signal 
provided by OVP/signaling controller 702 that determines 
whether transistors 842 and/or 844 of FIG. 8Aare activated or 
deactivated (e.g., if the control signal is high, then transistors 
842 and/or 844 are activated). The pulses 902,904, and 906 of 
waveform signals 950 represent a pulsing of transistors 842 
and/or 844. FIG. 9 illustrates a condition of the receiver in 
which the output of the pulses 902,904, and 906 is high. A 
high output of the pulses 902,904, and 906 may ensure that a 
processor of the receiver maintains power when in a normal 
operating configuration. 
0079 Waveform clamp 980 represents an intermediate 
control signal internal to OVP/signaling controller 702 that 
switches depending on whether the overvoltage threshold 
value has been reached and whether the minimum overvolt 
age threshold value has been reached (e.g., if the overvoltage 
threshold value has been reached, the intermediate control 
signal is high, and if the minimum overvoltage threshold 
value has been reached, the intermediate control signal is 
low). The state of transistors 842 and/or 844 may determine 
the output of the waveform signals 950, and in particular the 
output of the pulses 902, 904, and 906. For example, if the 
waveform clamp 980 is low, then the receiver is not in an 
overvoltage condition or is in an overVoltage condition and 
the minimum overvoltage threshold value has been reached. 
Likewise, if the waveform clamp 980 is high, for example, at 
portion 910, then the receiver is in an overvoltage condition 
and the minimum overvoltage threshold value has not yet 
been reached. During an overVoltage condition when the 
minimum overvoltage threshold value has not been reached, 
the waveform signals 950 may be inverted. Thus, when the 
waveform clamp 980 is low, the waveform signals 95.0 may 
also be low, and when the waveform clamp 980 is high, the 
waveform signals 95.0 may also be high. 
0080. In an embodiment, the pulses 902,904, and 906 may 
be of an equal time length. For example, the pulses 902,904, 
and 906 may be 1 us in duration. Likewise, the pulses 902, 
904, and 906 may be separated by an equal length of time. For 
example, a rising edge of pulse 902 to a rising edge of pulse 
904 may be 6 us in duration. In total, a duration of the pulses 
902,904, and 906 may be 18 us. In other embodiments, the 
pulses 902,904, and 906 may not be of an equal time length 
and/or may not be separated by an equal length of time. 
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I0081. In an embodiment, a standard receiver signaling 
event may consist of a burst of 4 pulses. For example, the 
event may consist of 4167 kHz pulses at a /6 duty cycle. The 
generation of an overvoltage condition may require strong 
transmitter-receiver coupling, which may increase the signal 
strength seen at the transmitter. Accordingly, the length of a 
burst may be reduced to 3 pulses as illustrated in FIG. 9. In 
some implementations, as described above, the burst of 3 
pulses may still maintain a "/6 duty cycle. 
I0082) Note that in an embodiment, the pulses 902, 904, 
and 906 are generated for only a portion of waveform signals 
950. The portion of waveform signals 950 after marker 908 
may be considered a delay portion of the waveform, where no 
pulses are generated and the output is based on whether the 
overvoltage threshold value has been reached and whether the 
minimum overvoltage threshold value has been reached as 
described herein. The delay portion of the waveform and the 
generation of a sufficient number of pulses may ensure that an 
overvoltage condition event is distinguished from other 
changes in impedance. As an example, the waveform signals 
950 may repeat itself every 128 us such that pulses are gen 
erated every 128 us. In addition, the receiver may be one of 
several receivers on a given transmitter. For example, 8 
receivers may be powered from one transmitter. If a burst of 3 
pulses is sent every 128 us, a maximum number of pulses 
from 8 receivers may be 240 pulses every 260 ms. This may 
allow the transmitter to distinguish the overvoltage burst from 
other repetitive changes to the receiver's impedance. 
I0083. While FIG. 9 illustrates three pulses 902,904, and 
906, this is not meant to be limiting and it should be apparent 
to one skilled in the art that any number of pulses may be 
generated to allow for the functionality described herein. 
I0084 FIG. 10 illustrates a timing diagram of the receiver 
when the receiver is in an overvoltage condition and the 
minimum overvoltage threshold value has not been reached. 
FIG. 10 illustrates two waveforms: waveform signals 1050 
and waveform clamp 1080, both of which are similar to their 
counterpart in FIG. 9. The pulses 1002, 1004, and 1006, 
however, are inverted such that an output of the pulse is low. 
For example, the overvoltage condition event may consist of 
a burst of 3 pulses 1002, 1004, and 1006 at a 5/6 duty cycle. 
Likewise, the waveform clamp 1080 is high to represent the 
fact the minimum overvoltage threshold value has not yet 
been reached. The transmitter may recognize the low output 
of the pulses 1002, 1004, and 1006 as an indication that the 
receiver is in an overVoltage condition. For example, the 
transmitter may detect a rising edge or a falling edge to 
identify the pulses 1002, 1004, and 1006. In an embodiment, 
the transmitter may include an envelope detector and/or a 
pulse detector to detect a change in impedance of the receiver, 
such as the portion 870 illustrated in FIG. 8B. Each time a 
change in impedance is detected (e.g., when a pulse is 
detected), an interrupt may be generated, and a set number of 
interrupts may indicate an overVoltage condition. The trans 
mitter may comprise a counter or other Such means to count 
the number of times a change in impedance is detected (e.g., 
to count the number of received pulses) to identify when an 
overvoltage condition has occurred. Note that in embodi 
ments in which a change in impedance is represented by a 
pulse, it may not matter whether the pulses are inverted or 
non-inverted as the transmitter may be able to detect both 
types of pulses. 
I0085. Note that inverting the output of the waveform sig 
nals 1050, as compared to the output of the waveform signals 
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950, may ensure that the voltage at node 868 does not increase 
substantially during the burst of pulses. Without inverting the 
output, the voltage at node 86.8 may increase substantially 
when the receiver attempts to signal to the transmitter that the 
receiver is in an overvoltage condition. For example, the 
voltage at node 86.8 may increase because the transistors 842 
and/or 844 may be deactivated (i.e. open) for a majority of the 
burst of pulses, counteracting the Voltage decay benefits that 
transistors 842 and/or 844 may provide when activated as 
described herein. Such an increase in Voltage may prevent the 
Voltage from decaying enough to allow the receiver to exit the 
overvoltage condition. In this way, by inverting the signal, the 
receiver can signal to a transmitter that it is in an overVoltage 
condition while also ensuring that the received Voltage con 
tinues to decay to acceptable levels. 
I0086 FIG. 11 illustrates a timing diagram of the receiver 
when the receiver transitions from a normal operating state or 
an overVoltage condition State in which the minimum over 
voltage threshold value had been reached to an overvoltage 
condition state in which the overvoltage threshold value has 
been reached during a burst of pulses. FIG. 11 illustrates two 
waveforms: waveform signals 1150 and waveform clamp 
1180, both of which are similar to their counterpart in FIGS. 
9 and 10. Initially, the waveform clamp 1180 is low indicating 
that the receiver is in a normal operating State or that the 
receiver is in an overVoltage condition state and the minimum 
overvoltage threshold value had been reached. If the signal 
pulse train coincides with a clamp transition, such as clamp 
transition 1108, the signaling pulse logic of waveform signals 
1150 is changed at the transition 1108. For example, at tran 
sition 1108, the waveform signals 1150 is inverted such that 
portion 1106 is no longer a pulse and instead an inverted pulse 
1110 is generated immediately after the transition 1108. The 
receiver may continue generating an inverted signal until the 
receiver is no longer in an overvoltage condition. 
0087 FIG. 12A is a partial state diagram of an overvoltage 
protection scheme for a receiver, such as receiver 800 of FIG. 
8A. The partial state diagram of FIG. 12A includes two states. 
At state 1202, the receiver has entered an overvoltage condi 
tion in which the overvoltage threshold value has been 
reached, meaning that the voltage at node 868 (V) is equal 
to or greater than the Overvoltage threshold value (V, ove). 
In state 1202, the Switches, such as transistors 842 and/or 844, 
are turned on or activated. Once V, reaches the minimum 
Overvoltage threshold value (V, u ove), the receiver tran 
sitions to state 1204. In state 1204, the Switches are turned off 
or deactivated. Once V, reaches V, ove, the receiver tran 
sitions back to state 1202 and the process repeats. 
0088 FIG.12B is another partial state diagram of an over 
voltage protection scheme for a receiver, such as receiver 800 
of FIG. 8A. The partial state diagram of FIG. 12B includes 
four states, each of which may be entered into by the receiver 
concurrently with one of the two states of FIG. 12A. In other 
words, the receiver may concurrently be in state 1202 or 1204 
of FIG. 12A and one of states 1252, 1254, 1256, and 1258 of 
FIG. 12B. In state 1252, the clamp setting is on and the signal 
out setting is on. In an embodiment, in state 1252, the Voltage 
at node 868 has equaled or exceeded the overvoltage thresh 
old value. Accordingly, the clamp setting in OVP/signaling 
controller 702 may be high and the receiver may also be in 
state 1202. The signal outputted by OVP/signaling controller 
702 may be inverted such that a value of the output of the 
signal is low when the OVP/signaling controller 702 attempts 
to pulse transistors 842 and/or 844. Likewise, in state 1254, 
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the clamp setting is on and the signal setting is off. In an 
embodiment, in state 1254, the voltage at node 868 has 
equaled or exceeded the overvoltage threshold value. Accord 
ingly, the clamp setting in OVP/signaling controller 702 may 
be high and the receiver may also be in state 1202. The signal 
outputted by OVP/signaling controller 702 may be inverted 
Such that a value of the output of the signal is high when the 
OVP/signaling controller 702 is not attempting to pulse tran 
sistors 842 and/or 844. As an example, timing diagram 1260 
illustrates a timing diagram for states 1252 and 1254. 
I0089. In state 1256, the clamp setting is off and the signal 
setting is on. In an embodiment, in state 1256, the Voltage at 
node 868 has reached the minimum overvoltage threshold 
value. Accordingly, the clamp setting in OVP/signaling con 
troller 702 may be low and the receiver may also be in state 
1204. The signal outputted by OVP/signaling controller 702 
may be non-inverted such that a value of the output of the 
signal is high when the OVP/signaling controller 702 
attempts to pulse transistors 842 and/or 844. Likewise. In 
state 1258, the clamp setting is off and the signal setting is off. 
In an embodiment, in state 1258, the voltage at node 868 has 
reached the minimum overvoltage threshold value. Accord 
ingly, the clamp setting in OVP/signaling controller 702 may 
below and the receiver may also be in state 1204. The signal 
outputted by OVP/signaling controller 702 may be non-in 
verted such that a value of the output of the signal is low when 
the OVP/signaling controller 702 is not attempting to pulse 
transistors 842 and/or 844. As an example, timing diagram 
1262 illustrates a timing diagram for states 1256 and 1258. 
0090 FIG. 13 is a state diagram of a transmitter, such as 
transmitter 204 of FIG. 2. Initially, the transmitter transitions 
to state 1302 and power is applied. Once power has been 
applied, the transmitter transitions to beacon state 1304. At 
beacon state 1304, the transmitter may monitor for imped 
ance changes from a receiver. Once the transmitter detects 
impedance changes, the transmitter may transition to receiver 
probe state 1306. At receiver probe state 1306, the transmitter 
determines whether the changes were detected from a valid 
receiver device. If the transmitter determines that the device is 
valid, the transmitter transitions to power transfer state 1308. 
At power transfer state 1308, the transmitter transfers power 
to the receiver device. If the receiver device receives a voltage 
that exceeds the overvoltage threshold value, the receiver 
device may generate signals, a constant signaling tone, or 
Some other notification to indicate that it has entered an over 
voltage condition, as described herein. If the transmitter 
detects signals, the constant signaling, or some other notifi 
cation indicating an overvoltage condition has occurred, the 
transmitter may transition to a reset state 1312. During the 
transition and/or at the reset state 1312, the transmitter may 
remove the condition that caused the overvoltage condition. 
For example, the transmitter may stop transferring power 
wirelessly. At the reset state 1312, the transmitter may wait a 
period of time defined by a reset timer. The transmitter may 
wait a period of time to allow the receiver device time to exit 
the overvoltage condition. Once the reset timer has expired, 
the transmitter may once again transition to a beacon State 
1304 and the process is repeated. 
0091 FIG. 14 is a state diagram of a receiver, such as 
receiver 800 of FIG. 8A. Initially, the receiver transitions to a 
null state 1402. Once a beacon is detected, for example from 
a transmitter, then the receiver transitions to a registration 
state 1404. Once a device limits (DL) information frame has 
expired, the receiver transitions to V, wait state 1406. If the 
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voltage at node 868 (V) is greater than a minimum voltage 
necessary for the receiver to operate in a steady state (V, 

) and less than a maximum Voltage necessary for the 
receiver to operate in a steady state (V), then the 
receiver may transition to V, steady state 1410. Otherwise, 
the receiver may transition to V, HIGH/LOW state 1408. 
0092) If, while the receiver is in V, steady state 1410 or 
V, HIGH/LOW state 1408, V, is equal to or exceeds the 
Overvoltage threshold value (V, or ), then the receiver 
transitions to V. OVP state 1414. As described herein, the 
receiver may transition back to the V, steady state 1410 or 
VHIGH/LOW state 1408 once V, has decayed to at least 
the minimum overvoltage threshold value. 
0093 FIG. 15 is a diagram of exemplary receiver control 
threshold values, such as for receiver 800 of FIG. 8A. As 
described herein, V, may refer to the voltage at node 868. 
V, may initially be set at set threshold value 1508. As an 
example, the set threshold value 1508 may be 11V. In an 
embodiment, if V equals or exceeds an Overvoltage thresh 
old value 1502, then the receiver may be in an overvoltage 
condition. As an example, the overvoltage threshold value 
1502 may be 26V. If V equals or exceeds a maximum 
voltage threshold value 1504 and is less than the overvoltage 
threshold value 1502, then the receiver may be in a HIGH 
state. In a HIGH state, the receiver may transmit device 
request (DR) messages and/or information frames. As an 
example, the maximum voltage threshold value 1504 may be 
18V. If V equals or exceeds a minimum voltage threshold 
value 1510 and is less than the maximum voltage threshold 
value 1504, then the receiver may be in a steady state, trans 
mitting data send (DS) messages and/or status frames. If V, 
is less than the minimum voltage threshold value 1510, then 
the receiver may be in a LOW state, transmitting DR mes 
sages and/or information frames. As an example, the mini 
mum voltage threshold value 1510 may be 8V. 
0094. In an embodiment, if the receiver has entered an 
overvoltage condition, then the receiver may remain in the 
Overvoltage condition state until V, decays to the minimum 
overvoltage threshold value 1506. In some embodiments, the 
receiver may remain in the overVoltage condition state even 
after V, decays to the minimum overvoltage threshold 
value. For example, the receiver may remain in the overvolt 
age condition state if the transmitter has not been notified that 
the receiver is in an overvoltage condition and/or the trans 
mitter has not reduced or removed power by the time V, 
decays to the minimum overVoltage threshold value. As an 
example, the minimum overvoltage threshold value 1506 
may be 12V. In this way, V, may oscillate between the 
overvoltage threshold value 1502 and the minimum overvolt 
age threshold value 1506. Note that a V, scale from OV to 
30V is not meant to be limiting as it should be apparent to one 
skilled in the art that the techniques described herein apply to 
any V, Voltage scale. 
0095 FIGS. 16-17 are simulation results of a transmitter 
and receiver, such as transmitter 204 of FIG. 2 and receiver 
800 of FIG. 8A. FIG. 16 is a simulation result illustrating the 
oscillation of Vreg during a clamp transition period. The 
simulation result includes a graph 1602 illustrating the oscil 
lation of Vreg, a graph 1604 illustrating a clamp waveform, 
such as waveform clamp 980, 1080, and/or 1180 described 
herein, and a graph 1606 illustrating the signal generated by a 
controller, such as OVP/signaling controller 702, to control 
the switches, such as transistors 842 and/or 844, as described 
herein. As an example, after 1.8 ms, the signaling may start 

Apr. 25, 2013 

with a 1 us low pulse. Following the clamp position from high 
to low, the signaling logic may be reversed. 
0096 FIG. 17 is a simulation result illustrating the oscil 
lation of Vreg and an output of the transmitter signal detection 
circuit. The simulation result includes the graph 1602, the 
graph 1606, and a graph 1702 illustrating the output of the 
transmitter signal detection circuit. As an example, while the 
signal detection pulse in graph 1702 may be longer when 
signaling and clamping overlap, both signaling and clamping 
may be detected by the transmitter signal detection circuit. 
(0097 FIG. 18 is a flowchart of an exemplary method 1800 
for limiting Voltage in a wireless power receiver. Although the 
method of flowchart 1800 is described herein with reference 
to the receiver 800 discussed above with respect to FIG. 8A, 
a person having ordinary skill in the art will appreciate that 
the method of flowchart 1800 may be implemented by the 
receiver 108 discussed above with respect to FIG. 1, the 
receiver 208 discussed above with respect to FIG. 2, and/or 
any other Suitable device. In an embodiment, the steps in 
flowchart 1800 may be performed by a processor or controller 
in conjunction with one or more of the OVP/signaling con 
troller 702, the switching and signaling circuitry 704, and the 
receive coil 718. Although the method of flowchart 1800 is 
described herein with reference to a particular order, in vari 
ous embodiments, blocks herein may be performed in a dif 
ferent order, or omitted, and additional blocks may be added. 
A person having ordinary skill in the art will appreciate that 
the method of flowchart 1800 may implemented in any com 
munication device that may be configured to receive power 
from a wireless power transmitter and communicate with the 
wireless power transmitter. 
(0098 Inblock 1802, the receiver may receive power wire 
lessly from a transmitter. In block 1804, the receiver may 
measure a value of a received Voltage. In an embodiment, the 
receiver may compare the measured value to threshold volt 
age values to determine a state of the receiver. For example, if 
the measured Voltage exceeds an overvoltage threshold value, 
such as overvoltage threshold value 1502 of FIG. 15, then the 
receiver may be in an overVoltage condition. 
(0099. In block 1806, the receiver may activate a circuit 
when the received voltage reaches a first threshold value, the 
circuit configured to reduce the received Voltage. In an 
embodiment, the circuit may be activated when the received 
voltage reaches the overvoltage threshold value. The circuit 
may include Switches that are closed to clamp the receiver and 
ground the received current, which results in a decay of the 
received voltage. The switches of the circuit may be con 
trolled by a controller, such as OVP/signaling controller 702 
of FIG. 7. 
0100. In block 1808, the receiver may generate a pulse 
received by the transmitter when the circuit is activated that 
signals to the transmitter that the received Voltage reached the 
first threshold value. In an embodiment, an output of the pulse 
is inverted if the received voltage reached the first threshold 
value. The output of the pulse may be non-inverted if the 
received Voltage reaches a second threshold value. 
0101. In block 1810, the receiver may deactivate the cir 
cuit when the received voltage reaches a second threshold 
value. In an embodiment, the second threshold value may be 
the minimum overvoltage threshold value. The switches of 
the voltage decay circuit may be opened to allow the received 
Voltage to increase once again. 
0102 FIG. 19 is a functional block diagram of a receiver 
1900, in accordance with an exemplary embodiment of the 
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invention. The receiver 1900 includes means 1902 for receiv 
ing power wirelessly from a transmitter. In an embodiment, 
means 1902 for receiving power wirelessly from a transmitter 
may be configured to perform one or more of the functions 
discussed above with respect to the block 1802. The receiver 
1900 further includes means 1904 for measuring a value of a 
received voltage. In an embodiment, means 1904 for measur 
ing a value of a received Voltage may be configured to perform 
one or more of the functions discussed above with respect to 
the block 1804. The receiver 1900 further includes means 
1906 for activating a circuit when the received voltage 
reaches a first threshold value, the circuit configured to reduce 
the received voltage. In an embodiment, means 1906 for 
activating a circuit when the received Voltage reaches a first 
threshold value, the circuit configured to reduce the received 
Voltage, may be configured to perform one or more of the 
functions discussed above with respect to block 1806. The 
receiver 1900 further includes means 1908 for generating a 
pulse received by the transmitter when the circuit is activated 
that signals to the transmitter that the received Voltage 
reached the first threshold value. In an embodiment, means 
1908 for generating a pulse received by the transmitter when 
the circuit is activated that signals to the transmitter that the 
received voltage reached the first threshold value may be 
configured to perform one or more of the functions discussed 
above with respect to block 1808. The receiver 1900 further 
includes means 1910 for deactivating the circuit when the 
received Voltage reaches a second threshold value. In an 
embodiment, means 1910 for deactivating the circuit when 
the received voltage reaches a second threshold value may be 
configured to perform one or more of the functions discussed 
above with respect to block 1810. 
0103) The various operations of methods described above 
may be performed by any Suitable means capable of perform 
ing the operations, such as various hardware and/or software 
component(s), circuits, and/or module(s). Generally, any 
operations illustrated in the Figures may be performed by 
corresponding functional means capable of performing the 
operations. Means for receiving power wirelessly from a 
transmitter may be provided by a receive coil. Means for 
measuring a value of a received Voltage may be provided by 
an OVP/signaling controller. Means for activating a Voltage 
decay circuit when the received voltage reaches a first thresh 
old value to reduce the received voltage may be provided by 
an OVP/signaling controller. Means for generating a pulse 
may be provided by a circuit, which may include one or more 
Switches. Means for deactivating the Voltage decay circuit 
when the received voltage reaches a second threshold value 
may be provided by an OVP/signaling controller. Means for 
signaling to the transmitter that the received Voltage reached 
the first threshold value may be provided by a circuit, which 
may include one or more Switches. 
0104 Information and signals may be represented using 
any of a variety of different technologies and techniques. For 
example, data, instructions, commands, information, signals, 
bits, symbols, and chips that may be referenced throughout 
the above description may be represented by Voltages, cur 
rents, electromagnetic waves, magnetic fields or particles, 
optical fields or particles, or any combination thereof 
0105. The various illustrative logical blocks, modules, cir 
cuits, and algorithm steps described in connection with the 
embodiments disclosed herein may be implemented as elec 
tronic hardware, computer Software, or combinations of both. 
To clearly illustrate this interchangeability of hardware and 
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Software, various illustrative components, blocks, modules, 
circuits, and steps have been described above generally in 
terms of their functionality. Whether such functionality is 
implemented as hardware or Software depends upon the par 
ticular application and design constraints imposed on the 
overall system. The described functionality may be imple 
mented in varying ways for each particular application, but 
Such implementation decisions should not be interpreted as 
causing a departure from the scope of the embodiments of the 
invention. 

0106. The various illustrative blocks, modules, and cir 
cuits described in connection with the embodiments dis 
closed herein may be implemented or performed with a gen 
eral purpose processor, a Digital Signal Processor (DSP), an 
Application Specific Integrated Circuit (ASIC), a Field Pro 
grammable Gate Array (FPGA) or other programmable logic 
device, discrete gate or transistor logic, discrete hardware 
components, or any combination thereof designed to perform 
the functions described herein. A general purpose processor 
may be a microprocessor, but in the alternative, the processor 
may be any conventional processor, controller, microcontrol 
ler, or state machine. A processor may also be implemented as 
a combination of computing devices, e.g., a combination of a 
DSP and a microprocessor, a plurality of microprocessors, 
one or more microprocessors in conjunction with a DSP core, 
or any other Such configuration. 
0107 The steps of a method or algorithm and functions 
described in connection with the embodiments disclosed 
herein may be embodied directly in hardware, in a software 
module executed by a processor, or in a combination of the 
two. If implemented in software, the functions may be stored 
on or transmitted over as one or more instructions or code on 
a tangible, non-transitory computer-readable medium. A Soft 
ware module may reside in Random Access Memory (RAM), 
flash memory, Read Only Memory (ROM), Electrically Pro 
grammable ROM (EPROM), Electrically Erasable Program 
mable ROM (EEPROM), registers, hard disk, a removable 
disk, a CDROM, or any otherform of storage medium known 
in the art. A storage medium is coupled to the processor Such 
that the processor can read information from, and write infor 
mation to, the storage medium. In the alternative, the storage 
medium may be integral to the processor. Disk and disc, as 
used herein, includes compact disc (CD), laser disc, optical 
disc, digital versatile disc (DVD), floppy disk and bluray disc 
where disks usually reproduce data magnetically, while discs 
reproduce data optically with lasers. Combinations of the 
above should also be included within the scope of computer 
readable media. The processor and the storage medium may 
reside in an ASIC. The ASIC may reside in a user terminal. In 
the alternative, the processor and the storage medium may 
reside as discrete components in a user terminal. 
0.108 For purposes of summarizing the disclosure, certain 
aspects, advantages and novel features of the inventions have 
been described herein. It is to be understood that not neces 
sarily all such advantages may be achieved in accordance 
with any particular embodiment of the invention. Thus, the 
invention may be embodied or carried out in a manner that 
achieves or optimizes one advantage or group of advantages 
as taught herein without necessarily achieving other advan 
tages as may be taught or Suggested herein. 
0.109 Various modifications of the above described 
embodiments will be readily apparent, and the generic prin 
ciples defined herein may be applied to other embodiments 
without departing from the spirit or scope of the invention. 
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Thus, the present invention is not intended to be limited to the 
embodiments shown herein but is to be accorded the widest 
Scope consistent with the principles and novel features dis 
closed herein. 

What is claimed is: 
1. An apparatus to receive power wirelessly from a trans 

mitter, comprising: 
a power transfer component configured to receive power 

wirelessly from the transmitter; 
a circuit coupled to the power transfer component, the 

circuit configured to reduce a received Voltage when 
activated; 

a controller configured to activate the circuit when the 
received Voltage reaches a first threshold value and con 
figured to deactivate the circuit when the received volt 
age reaches a second threshold value; and 

an antenna configured to generate a signal to the transmit 
ter that signals to the transmitter that the received volt 
age reached the first threshold value. 

2. The apparatus of claim 1, wherein the antenna is further 
configured to generate the signal when the circuit is activated. 

3. The apparatus of claim 1, wherein the transmitter 
reduces a power level of the power transmitted to the power 
transfer component based on the signal received from the 
antenna that the received voltage reached the first threshold 
value. 

4. The apparatus of claim 1, wherein the circuit is further 
configured to generate a pulse received by the transmitter 
when activated that signals to the transmitter that the received 
voltage reached the first threshold value. 

5. The apparatus of claim 4, wherein the pulse is generated 
according to a pulse width modulation process. 

6. The apparatus of claim 4, wherein the circuit is config 
ured to generate a pulse at a first frequency that indicates to 
the transmitter that the received voltage reached the first 
threshold value, and wherein the first frequency is based on a 
frequency of the circuit and at least one capacitor. 

7. The apparatus of claim 6, wherein the pulse is encoded 
by a change in an impedance of the power transfer compo 
nent. 

8. The apparatus of claim 4, wherein the controller is con 
figured to activate a Switch when the received Voltage reaches 
the first threshold value to reduce the received voltage. 

9. The apparatus of claim 8, wherein the controller is con 
figured to deactivate the switch when the received voltage 
reaches the second threshold value. 

10. The apparatus of claim 8, wherein the switch is config 
ured to generate a pulse received by the transmitter, wherein 
the transmitter determines whether the received voltage 
reached the first threshold value based on the received pulse, 
and wherein an output of the pulse generated by the Switch is 
based on whether the received voltage reached the first thresh 
old value. 

11. The apparatus of claim 10, wherein an output of the 
pulse is inverted if the received voltage reached the first 
threshold value. 

12. The apparatus of claim 10, wherein an output of the 
pulse is non-inverted if the received voltage reached the sec 
ond threshold value. 

13. The apparatus of claim 1, wherein the first threshold 
value is less than a maximum Voltage necessary to operate the 
apparatus in a steady state. 
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14. The apparatus of claim 1, wherein the second threshold 
value is greater than a minimum Voltage necessary to operate 
the apparatus in a steady state. 

15. A method for limiting voltage in a wireless power 
receiver, the method comprising: 

receiving power wirelessly from a transmitter, 
measuring a value of a received Voltage; 
activating a circuit when the received Voltage reaches a first 

threshold value, the circuit configured to reduce the 
received Voltage; 

generating a pulse received by the transmitter when the 
circuit is activated that signals to the transmitter that the 
received voltage reached the first threshold value; and 

deactivating the circuit when the received Voltage reaches 
a second threshold value. 

16. The method of claim 15, wherein generating a pulse 
comprises signaling to the transmitter a message that causes 
the transmitter to reduce a power level of the power transmit 
ted to the wireless power receiver. 

17. The method of claim 15, wherein generating a pulse 
comprises generating the pulse according to a pulse width 
modulation process. 

18. The method of claim 15, wherein generating a pulse 
comprises generating a pulse at a first frequency that indicates 
to the transmitter that the received voltage reached the first 
threshold value, wherein the first frequency is based on a 
frequency of the circuit and at least one capacitor. 

19. The method of claim 18, further comprising encoding 
the pulse based on a change in an impedance of the wireless 
power receiver. 

20. The method of claim 15, wherein activating a circuit 
comprises activating a Switch when the received Voltage 
reaches the first threshold value to reduce the received volt 
age. 

21. The method of claim 20, wherein deactivating a circuit 
comprises deactivating the Switch when the received Voltage 
reaches the second threshold value. 

22. The method of claim 20, wherein generating a pulse 
received by the transmitter comprises generating the pulse by 
the switch, wherein the transmitter determines whether the 
received voltage reached the first threshold value based on the 
received pulse, and wherein an output of the generated pulse 
is based on whether the received voltage reached the first 
threshold value. 

23. The method of claim 22, wherein an output of the pulse 
is inverted if the received voltage reached the first threshold 
value. 

24. The method of claim 22, wherein an output of the pulse 
is non-inverted if the received voltage reached the second 
threshold value. 

25. The method of claim 15, wherein activating the circuit 
comprises activating the circuit when the received Voltage is 
less than a maximum Voltage necessary to operate the wire 
less power receiver in a steady state. 

26. The method of claim 15, wherein deactivating the cir 
cuit comprises deactivating the circuit when the received 
Voltage is greater than a minimum Voltage necessary to oper 
ate the wireless power receiver in a steady state. 

27. The method of claim 15, wherein generating a pulse 
received by the transmitter comprises generating the pulse for 
transmission via an antenna coupled to the circuit, wherein 
the antenna does not receive power wirelessly from the trans 
mitter. 
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28. An apparatus configured to limit Voltage in a wireless 
power receiver, the apparatus comprising: 

means for receiving power wirelessly from a transmitter, 
means for measuring a value of a received Voltage; 
means for activating a circuit when the received Voltage 

reaches a first threshold value, the circuit configured to 
reduce the received voltage; 

means for generating a pulse received by the transmitter 
when the circuit is activated that signals to the transmit 
ter that the received voltage reached the first threshold 
value; and 

means for deactivating the circuit when the received volt 
age reaches a second threshold value. 

29. The apparatus of claim 28, wherein means for gener 
ating a pulse comprises means for signaling to the transmitter 
a message that causes the transmitter to reduce a power level 
of the power transmitted to the wireless power receiver. 

30. The apparatus of claim 28, wherein means for gener 
ating a pulse comprises means for generating the pulse 
according to a pulse width modulation process. 

31. The apparatus of claim 28, wherein means for gener 
ating a pulse comprises means for generating a pulse at a first 
frequency that indicates to the transmitter that the received 
voltage reached the first threshold value, wherein the first 
frequency is based on a frequency of the circuit and at least 
one capacitor. 

32. The apparatus of claim 31, further comprising means 
for encoding the pulse based on a change in an impedance of 
the wireless power receiver. 

33. The apparatus of claim 28, wherein means for activat 
ing a circuit comprises means for activating a Switch when the 
received voltage reaches the first threshold value to reduce the 
received Voltage. 

34. The apparatus of claim 33, wherein means for deacti 
Vating a circuit comprises means for deactivating the Switch 
when the received voltage reaches the second threshold value. 

35. The apparatus of claim 33, wherein means for gener 
ating a pulse received by the transmitter comprises means for 
generating the pulse by the Switch, wherein the transmitter 
determines whether the received voltage reached the first 
threshold value based on the received pulse, and wherein an 
output of the generated pulse is based on whether the received 
voltage reached the first threshold value. 

36. The apparatus of claim 35, wherein an output of the 
pulse is inverted if the received voltage reached the first 
threshold value. 

37. The apparatus of claim 35, wherein an output of the 
pulse is non-inverted if the received voltage reached the sec 
ond threshold value. 

38. The apparatus of claim 28, wherein means for activat 
ing the circuit comprises means for activating the circuit 
when the received Voltage is less than a maximum Voltage 
necessary to operate the wireless power receiver in a steady 
State. 

39. The apparatus of claim 28, wherein means for deacti 
Vating the circuit comprises means for deactivating the circuit 
when the received Voltage is greater than a minimum Voltage 
necessary to operate the wireless power receiver in a steady 
State. 

40. The apparatus of claim 28, wherein the means for 
receiving comprises a receive coil, wherein the means for 
measuring, the means for activating, and the means for deac 
tivating comprise a controller, and wherein the means for 
generating comprises a Switch. 
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41. The apparatus of claim 28, wherein the means for 
receiving comprises a receive coil and the means for gener 
ating comprises an antenna. 

42. A non-transitory computer-readable medium compris 
ing code that, when executed, causes an apparatus to: 

receive power wirelessly from a transmitter; 
measure a value of a received Voltage; 
activate a circuit when the received Voltage reaches a first 

threshold value, the circuit configured to reduce the 
received Voltage; 

generate a pulse received by the transmitter when the cir 
cuit is activated that signals to the transmitter that the 
received voltage reached the first threshold value; and 

deactivate the circuit when the received voltage reaches a 
second threshold value. 

43. The medium of claim 42, further comprising code that, 
when executed, causes the apparatus to signal to the transmit 
ter a message that causes the transmitter to reduce a power 
level of the power transmitted to the wireless power receiver. 

44. The medium of claim 42, further comprising code that, 
when executed, causes the apparatus to generate the pulse 
according to a pulse width modulation process. 

45. The medium of claim 42, further comprising code that, 
when executed, causes the apparatus to generate a pulse at a 
first frequency that indicates to the transmitter that the 
received voltage reached the first threshold value, wherein the 
first frequency is based on a frequency of the circuit and at 
least one capacitor. 

46. The medium of claim 45, further comprising code that, 
when executed, causes the apparatus to encoding the pulse 
based on a change in an impedance of the apparatus. 

47. The medium of claim 42, further comprising code that, 
when executed, causes the apparatus to activate a Switch 
when the received voltage reaches the first threshold value to 
reduce the received voltage. 

48. The medium of claim 47, further comprising code that, 
when executed, causes the apparatus to deactivate the Switch 
when the received voltage reaches the second threshold value. 

49. The medium of claim 47, further comprising code that, 
when executed, causes the apparatus to generate the pulse by 
the switch, wherein the transmitter determines whether the 
received voltage reached the first threshold value based on the 
received pulse, and wherein an output of the generated pulse 
is based on whether the received voltage reached the first 
threshold value. 

50. The medium of claim 49, wherein an output of the pulse 
is inverted if the received voltage reached the first threshold 
value. 

51. The medium of claim 49, wherein an output of the pulse 
is non-inverted if the received voltage reached the second 
threshold value. 

52. The medium of claim 43, further comprising code that, 
when executed, causes the apparatus to activate the circuit 
when the received Voltage is less than a maximum Voltage 
necessary to operate the wireless power receiver in a steady 
State. 

53. The medium of claim 43, further comprising code that, 
when executed, causes the apparatus to deactivate the circuit 
when the received Voltage is greater than a minimum Voltage 
necessary to operate the wireless power receiver in a steady 
State. 

54. The medium of claim 42, further comprising code that, 
when executed, causes the apparatus to generate the pulse for 
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transmission via an antenna coupled to the circuit, wherein 
the antenna does not receive power wirelessly from the trans 
mitter. 

55. A method for limiting voltage in a wireless power 
receiver, the method comprising: 

receiving power wirelessly from a transmitter, 
measuring a value of a received Voltage; 
activating a circuit when the received Voltage reaches a first 

threshold value to reduce the received voltage; 
generating a pulse received by the transmitter when the 

circuit is activated that signals to the transmitter that the 
received voltage reached the first threshold value; and 

deactivating the circuit after a fixed time. 
k k k k k 


